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The aim of this study is to investigate paraclinical changes in glycemia, serum cortisol,
and adrenocorticotropic hormone (ACTH) due to electroacupuncture analgesia (EAA) in
a rabbit undergoing an ovariohysterectomy. Seven clinically healthy New Zealand white
rabbits were used in this study. Local and systemic analgesia was represented by EAA.
Blood samples were collected at preoperative, operative, and postoperative times. At
the operative time, increased cortisolemia does not promote a proportional increase in
glycemia even though it is correlated with an increased level of ACTH. EAA follows the
stress mechanism, which is coordinated by neuroendocrine activity. EAA in a rabbit ovar-
iohysterectomy underscores the crucial involvement of the hypothalamusepituitarye
adrenal axis with a direct influence on paraclinical changes, including changes in glyce-
mia, cortisol, and ACTH, which are specific for stress changes.t of Anesthesiology and Surgical Propedeutics, University of Agricultural Sciences and Veterinary




Figure 1 Blood sample collection from a rabbit under EAA at
the operative (O) time. EAA Z electroacupuncture analgesia.
Investigations of Electroacupuncture Analgesia 451. Introduction
In acupuncture, modern theory explains neurohormonal
modulation with the central nervous systems (CNSs)
involvement in pain sensation whereas the hormonal system
is activated or suppressed by the presence of substances
involved in pain. The hypothalamicepituitaryeadrenal axis
plays a critical role in neuroendocrine modulation [1]. Local
and general effects of acupuncture are the consequence of
stimulation or inhibition of endogen substances released by
the glands and tissues, which gives the body the ability to
correct the imbalance and to speed up homeostasis. The
purpose of this study is to evaluate paraclinical trends of
glycemia, cortisol, and adrenocorticotropic hormone (ACTH)
recorded for electroacupuncture analgesia (EAA) in a rabbit
ovariohysterectomy.
2. Materials and methods
The study was performed according to the guidelines on the
use of living animals in scientific investigations. All exper-
iments were approved by the Ethical Committee of the
Faculty of Veterinary Medicine, Cluj-Napoca, Romania (No.
10473/24.07.2012). The experiments were conducted using
seven female New Zealand white rabbits aged between 10
months and 1.8 years Micro-farm rabbits, Mr. Petru Pes-
tean, Cluj-Napoca, Romania and weighing between 1.3 kg
and 2.8 kg.
A specially-designed device, Acupar was proposed to
restrain the rabbits undergoing EAA. The electro-
acupuncture devices used were models WQ-IOD 1 (Beijing
Haidian district Donghuan electronic instrument factory,
Beijing, China) and KWD-808 1, Jinagsu, China. The
acupuncture needles used were Ding Dragon 0:20  25 mm
and Scarborough 0:30  75 mm needles, Tun Cun Wujiang
J., China. The clinical functions, including HR (heart ac-
tivity), R (respiratory activity) and tC (internal tempera-
ture) were recorded using a Drager Medical System, Inc.
Telford, USA.
The important acupoints for this study were GV-16 (Tian
Men), GB-20 (Feng Chi), BL-25 (Da Chang Shu), and ST-25
(Tian Shu) [2]. The location of the dorsal acupoints for the
systemic analgesia were represented by acupoint N1
(N Z neck area and 1 Z acupoint No. 1) and acupoint B1
(B Z back area and 1 Z acupoint No. 1) [3].
The EA device, model KWD-808 1, was used to stimulate
the dorsal muscles (2.2e2.7 V, f1Z 80 Hz, f2Z 80 Hz), and
the model WQ-IOD 1 device was connected to the abdomen
(low 8 V, EE/3, f1Z 20 Hz, f2Z 80 Hz), where f1Z fixed
frequencies and f2Z variable frequencies. The parameters
of the electroacupuncture analgesia, including the stimu-
lation time, were recorded for each rabbit: “induction”
(preoperative) Z 20 minutes and “maintenance”
(operative) Z 22e35 minutes [3]. For the analgesic
assessment of EAA, the following analgesic scale was pro-
posed: excellent, good, and poor.
Blood samples were collected in three different sec-
tions: the first blood sample was collected prior to the
beginning of EAA, which is defined as the preoperative
time; the second blood sample was collected immediately
after the second ovary had been removed, which isdefined as the operative time (Fig. 1); and the third blood
sample was collected 1 hour after the operation, which is
defined as the postoperative time. The first two blood
samples were collected from the jugular vein, and the
final sample was collected through an intracardiac punc-
ture. During the procedure, 2.5e3 mL of blood was
collected.
The laboratory tests were completed by using an
electrochemiluminescence immunoassay technique
(ECLIA) for cortisol (nmol/L) and an enzyme-linked
immunosorbent assay chemiluminescence detection
technique (ELISA) for ACTH (pg/mL). Glycemia (mmol/L)
was determined during the blood collection by using a
glucometer (One Touch Verio Pro, Life Scan Europe,
Switzerland) with test strips.3. Results
During the electrostimulation, abdominal muscles were
under continuous fasciculation. The contractions of the
neck muscles were more evident with a temporary char-
acter. Tachypnea was evident (80e135/minute) at the
preoperative time, but a slight decrease was noted at the
postoperative time. Heart activity was characterized by a
decrease (85e125 beats/minute) in the induction time at
the preoperative time, but the heart activity was improved
at the operative and the postoperative times. During in-
duction, the body temperature increased by 0.3e0.8C,
followed by a sharp loss of temperature during the opera-
tion due to the laparotomy. Postoperatively, the body
temperature was gradually restored in 20e30 minutes.
Local electroanalgesia at the incision site was classified as
excellent (7/7, 100%). The clinical findings of electro-
acupuncture analgesia were analyzed and classified ac-
cording to grade as follows: excellent: 2/7 (p Z 0.28, 28%)
and good: 5/7 (p Z 0.71, 72%).
For each biologic parameter, including glycemia,
cortisol, and ACTH, the arithmetic mean of the group was
calculated (Table 1). Glycemia was increased by 0.69 at the
operative time and by 1.20 at the postoperative time.
Cortisolemia was increased by 2.63 at the operative time
and by 1.64 at the postoperative time. ACTH was increased
by 1.90 at the operative time and by 0.027 at the post-
operative time.
Table 1 The arithmetic means (x) of glycemia, cortisol, and ACTH recorded at the preoperative (PR), operative (O), and
postoperative (PO) times for the EAA group of rabbits that underwent an ovariohysterectomy.
I Z the initial mean of the group (x); þ0.69 Z the increase was 0.69 times the initial mean; [Z the increase from the initial
mean of the group. ACTH Z adrenocorticotropic hormone; EAA Z electroacupuncture analgesia.
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Glucose is the main metabolic carbohydrate of cells,
intermediating and contributing as the primary form of
energy. The body regulates blood glucose levels as part of
metabolic homeostasis. As a result of continuous muscular
contractions during EA stimulation, the need for glucose
energy to support the involuntary motion process is
increased. Hypothermia due to abdominal surgery can in-
crease the process of gluconeogenesis in an attempt to
restore body temperature. The graphs of glycemia show an
increasing trend (Fig. 2). The main role of cortisol in this
context is to raise blood glucose levels through the process
of gluconeogenesis. In conclusion, glucose homeostasis in
EAA plays an active role in supporting the increased needs
of the vital functions (respiratory, cardiac, and thermo-
regulatory), and electrostimulated muscles.
4.2. Serum cortisol in EAA
Cortisol is a steroid hormone produced by the adrenal fas-
ciculata in response to stress. The secretion of cortisol is
controlled by the hypothalamus (corticotropin-releasing
hormone) with a direct influence on the pituitary gland
which is responsible for releasing ACTH. Furthermore, the
presence of ACTH in the bloodstream stimulates adrenalFigure 2 The graph shows the trends of glycemia, cortisol,
and ACTH recorded at the preoperative (PR), operative (O),
and postoperative (PO) times for the EAA group of rabbits un-
dergoing an ovariohysterectomy. ACTH Z adrenocorticotropic
hormone; EAA Z electroacupuncture analgesia.glands, with a positive influence on cortisol secretion. In
addition, high cortisolemia provides negative feedback to
the hypothalamusepituitary axis, which plays a direct role
in decreasing the level of ACTH.
Hypothermia is triggered by surgery through the expo-
sure of the internal organs involved. Elevated cortisolemia
in hypothermia is a normal process to restore the internal
body temperature [4]. Some believe that, in hypothermia,
the increase in serum cortisol is not influenced by ACTH
release [5]. Increased production of hormones (cortisol and
corticosterone) during physical stress (immobilization and
exposure to high or low temperatures) [6,7] is suppressed
by EA stimulation of ST-36 [8]. The mechanism of stress
induced by external auditory, visual, and olfactory factors
is retained and works independently and synchronous with
the mechanism of stress induced by EAA [3]. Acupuncture
analgesia as a stressor factor that directly influences the
autonomic nervous system. Tachypnea in EAA is a form of
stress response that is activated by a sympathetic action.
Depending on the degree of electrostimulation, EA can
reduce, inhibit, or trigger noxious stress [3].
The effect of stress factors (auditory, visual, and olfac-
tory) occurring during EAA may be suppressed by EA stim-
ulation. However, for an animal under stress and
designated for an ovariohysterectomy, determining the
effect of acupuncture while the mechanism of stress is
ongoing is difficult [3]. In conclusion, cortisolemia in EAA
has a stress response.
4.3. ACTH in EAA
ACTH is a hormone secreted by the anterior lobe of the pi-
tuitary glandwith an affinity for the adrenal glands. ACTH is a
major component of the hypothalamusepituitaryeadrenal
axis produced in response to biological stress, and its main
influence is the release of corticosteroids. In this study, the
ACTH level at the preoperative time was <5e15 pg/mL
(x 7.02 pg/mL). The blood samples were analyzed using an
enzyme-linked immunosorbent assay (ELISA) and chem-
iluminescence detection technique, which had detection
limits of 5 pg/mL (1.1 pmol/L). For this reason, in some
rabbits, the results were <5 pg/mL.
Modulation of ACTH secretion is accomplished by CRF
(corticotropin-releasing factor). Stress factors have a direct
influence on increasing the level of ACTH [9]. During stress,
the hypothalamusepituitaryeadrenal axis is activated by a
specific center for a specific stressor with distinct periph-
eral routes of transmission and different adjustment
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operatively and postoperatively, the basal metabolism of
the body is reduced. Hypothermia reduces the secretion of
ACTH without inhibiting the influence of the elevated level
of plasma cortisol, the change having been caused by a
reduction in the liver’s clearance [11]. High cortisol levels
in EAA have an antiinflammatory effect on tissues involved
in surgery, which plays an important role in pain relief. At
the operative time, elevated cortisol (þ2.63) did not cause
a proportional increase of hyperglycemia (þ0.69). This
observation indicates that hyperglycemia is not conditioned
by increased cortisol levels (Table 1, Fig. 1).
To summarize, the paraclinical changes during EAA
involving glycemia, cortisol, and ACTH in a rabbit ovar-
iohysterectomy underline the major role of the hypothal-
amusepituitaryeadrenal axis both in the mechanism of
producing operative and postoperative analgesia and in the
major changes in biochemical stress.
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